DECODER CIRCUIT, AND 
PHOTO-DETECTING AMPLIFIER CIRCUIT AND 
OPTICAL PICKUP INCLUDING THE DECODER CIRCUIT 
FOR DISK RECORDING/REPRODUCING APPARATUS 

This Nonprovisional application claims priority under 
35 U.S.C. § 119(a) on Patent Application No. 2003/122840 
filed in Japan on April 25, 2003, the entire contents of 
which are hereby incorporated by reference. 

FIELD OF THE INVENTION 
The present invention relates particularly to a 
decoder circuit, which is preferably mounted for a 
photo-detecting amplifier circuit, and the like in an 
optical pickup of a disk recording/reproducing apparatus, 
enabling switching among three or more operation modes 
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in accordance with an input voltage supplied to a single 
external input terminal, and relates to a photo-detecting 
amplifier circuit and an optical pickup including the 
decoder circuit. 

BACKGROUND OF THE INVENTION 
With support for writing by CD drives and DVD 
drives, there is increasing demand for many operation 
modes corresponding to reading and writing operations, 
with respect to a photo-detecting amplifier circuit of the 
optical pickup. For example, for a small signal upon 
reading and a large signal upon writing, the 
photo-detecting amplifier requires gain switching between 
two levels. Further, in addition to two conventional modes 
for the gain switching, one more mode is required for the 
followings: support for recording media of different 
reflectivities in DVD drives and the like, and standby 
function for lower power consumption in portable devices, 
for example. 

Meanwhile, for the photo-detecting amplifier circuit 
mounted on an integrated circuit, an external input 
terminal and a chip area are closely related to each other. 
More specifically, if a terminal is arranged outside, a wire 
bonding area is required on a chip for the connection to a 
frame of a package. The wire bonding area is about 150fxm 
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per side, depending on equipment for bonding and a 
manufacturing process for semiconductors. In contrast, 
one transistor area is about 20|luxl per side, and the size of 
the wire bonding area is therefore fifty or more times than 
that of the transistor area. Further, the width of a 
terminal wired on the chip is about several micrometers. 
Thus, decrease of a terminal arranged outside brings 
about a dramatic effect on size reduction of a chip. 

For the realization of switching among three or more 
operation modes, a photo-detecting amplifier circuit 
achieving size reduction of a chip by means of a decoder 
circuit is suggested. In this case, only one input signal is 
required, although two or more input signals are required 
in the conventional art, and size reduction of a chip is 
realized by using a decoder circuit which decodes an input 
voltage supplied to a single external input terminal into 
three or more control outputs. 

Figure 7 is a block diagram showing an electrical 
arrangement of a typical decoder circuit 1 of the 
conventional art. The decoder circuit 1 includes two 
comparators Al and A2 and reference voltage sources Bl 
and B2 respectively corresponding to the comparators Al 
and A2. An input voltage Vin which is provided to a single 
external input terminal 2 is supplied to respective positive 
input terminals of the two comparators Al and A2. To 
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respective negative input terminals of the comparators Al 
and A2, reference voltages El and E2 are supplied from 
the reference voltage sources Bl and B2. When the input 
voltage Vin is more than the reference voltages El and E2, 
the comparators Al and A2 produce high-level output 
voltages Vol and Vo2, respectively. On the other hand, 
when the input voltage Vin is less than the reference 
voltages El and E2, the comparators Al and A2 produce 
low-level output voltages Vol and Vo2, respectively. 

This arrangement realizes a window comparator for 
determining the following three states: Vin>El, 
El>Vin>E2, and Vin<E2, where the two reference voltages 
El and E2 are threshold voltages, and it is E1>E2. By 
carrying out an operation in accordance with two outputs 
Vol and Vo2, it is possible to detect three states. For 
example, gain switching for a photo-detecting amplifier is 
performed using the first control output Vol, and control 
for on/off of the standby function of the photo-detecting 
amplifier is performed using the second control output 
Vo2. 

Figure 8 is an electrical diagram showing an example 
of the arrangement of the comparators Al and A2. These 
comparators Al and A2 include N-type transistors ql and 
q2, P-type transistors q3 and q4, and a constant current 
source f. In the transistors ql and q2, their emitters are 
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grounded via the constant current source f, their bases 
are respectively positive and negative input terminals, and 
their collectors are connected to a power source line of 
high level Vcc via the transistors q3 and q4 which is 
active load. With this arrangement, a contact of the 
collectors of the transistors q2 and q4 becomes an output 
terminal, and when the input voltage Vin is more than the 
reference voltages El and E2, the comparators Al and A2 
produce high-level output voltages Vol and Vo2, 
respectively. On the other hand, when the input voltage 
Vin is less than the reference voltages El and E2, the 
comparators Al and A2 produce low-level output voltages 
Vol and Vo2, respectively. 

As other conventional art, Japanese Laid-Open 
Patent Application No. 2000-236251 (Tokukai 
2000-236251; published on August 29, 2000) discloses 
that using a differential couple and a constant current 
source, three different current values are outputted from a 
single output terminal with respect to three inputs 
supplied to a single external input terminal. Japanese 
Utility Model Publication No. 2-6684/1990 (Jitsukouhei 
2-6684; published on February 19, 1990) discloses that 
one transistor of the transistors making up a differential 
couple in a first differential amplifier is provided with a 
second differential amplifier, thereby realizing one input 
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and three outputs with one constant current source and 
realizing lower-power consumption. 

As described above, the conventional circuit 
configuration requires two external input terminals or two 
comparators (differential amplifier), which arises the 
problem of difficulty in size reduction of a chip. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide a 
decoder circuit facilitating size reduction of a chip (die), 
and a photo-detecting amplifier circuit and an optical 
pickup including the decoder circuit for disk 
recording/reproducing apparatus. 

In order to achieve the above object, a decoder 
circuit of the present invention, which is mounted on an 
integrated circuit, decoding an input voltage supplied to a 
single external input terminal into three or more control 
outputs, includes: a P-type transistor in which an emitter 
(source) is connected to a power source line of high level, 
a base (gate) is connected to the external input terminal, 
and a collector (drain) is an output terminal of a first 
control output; and an N-type transistor in which an 
emitter (source) is connected to a power source line of low 
level, a base (gate) is connected to the external input 
terminal, and a collector (drain) is an output terminal of a 



second control output. 

The foregoing decoder circuit, which is mounted on 
an integrated circuit, is provided for size reduction of a 
chip, and decodes an input voltage supplied to a single 
external input terminal into three or more control outputs, 
not two control outputs as On and Off. Specifically, the 
foregoing decoder circuit includes a P-type transistor and 
an N-type transistor provided in parallel to the external 
input terminal and having different polarities, and realizes 
the three or more control outputs using two control 
outputs each from the respective collectors (drain) of the 
P-type and N-type transistors. 

More specifically, in the P-type transistor, the 
emitter (source) is connected to a power source line of 
high level, the base (gate) is connected to the external 
input terminal, and the collector (drain) behaves as an 
output terminal of a first control output. Further, in the 
N-type transistor, the emitter (source) is connected to a 
power source line of low level, the base (gate) is connected 
to the external input terminal, and the collector (drain) 
behaves as an output terminal of a second control output. 

Therefore, as compared to the case of using a 
comparator requiring many transistors, a constant current 
source, and other elements, one each transistor is 
required for each of the first and second control outputs 



- 8 - 

to be generated. This further facilitates size reduction of a 
chip. 

Further, a photo-detecting amplifier circuit of the 
present invention for a disk recording/reproducing 
apparatus is capable of switch function by means of the 
foregoing decoder circuit. 

According to the above arrangement, it is possible to 
reduce the size of a chip and to realize a photo-detecting 
amplifier circuit being capable of switch function for 
switching to the standby mode. 

Still further, an optical pickup of the present 
invention includes the foregoing photo-detecting amplifier 
circuit. 

According to the above arrangement, it is possible to 
reduce the size of a chip and to realize an optical pickup 
including a photo-detecting amplifier circuit being capable 
of switch function for switching to the standby mode. 

For a fuller understanding of the nature and 
advantages of the invention, reference should be made to 
the ensuing detailed description taken in conjunction with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is an electrical diagram of a decoder circuit 
according to one embodiment of the present invention. 
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Figure 2 is an electrical diagram of a decoder circuit 
according to another embodiment of the present invention. 

Figure 3 is an electrical diagram of a decoder circuit 
according to still another embodiment of the present 
invention. 

Figure 4 is an electrical diagram of a decoder circuit 
according to yet another embodiment of the present 
invention. 

Figure 5 is a wave form chart showing a result of 
simulation on changes of source current in the 
photo-detecting amplifier circuit with respect to the input 
voltage by the decoder circuit shown in Figure 4. 

Figure 6 is a block diagram schematically showing 
one example of an optical pickup of the present invention. 

Figure 7 is a block diagram showing an electrical 
arrangement of a typical decoder circuit of the 
conventional art. 

Figure 8 is an electrical diagram showing an example 
of the arrangement of comparators in the decoder circuit 
shown in Figure 7. 

DESCRIPTION OF THE EMBODIMENTS 
The following will describe one embodiment of the 
present invention with reference to Figure 1. 

Figure 1 shows an electrical diagram of a decoder 
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circuit 1 1 according to one embodiment of the present 
invention. The decoder circuit 11 is provided for size 
reduction of a chip for an integrated circuit of a 
photo-detecting amplifier circuit in an optical pickup, and 
decodes an input voltage Vin supplied to a single external 
input terminal 12 into three or more control outputs, not 
two control outputs as On and Off. 

The decoder circuit 11 includes two transistors, 
P-type transistor Ql and N-type transistor Q2. The input 
voltage Vin supplied to the single external input terminal 
12 is supplied to bases of the two transistors Ql and Q2. 
An emitter of the P-type transistor Ql is connected to a 
power source line of high level Vcc, and a collector of the 
transistor Ql is an output terminal of a first control 
output Vol. An emitter of the N-type transistor Q2 is 
connected to a power source line of low level GND, and a 
collector of the transistor Q2 is an output terminal of a 
second control output Vo2. 

The decoder circuit 1 1 having the foregoing 
arrangement performs operations in the following three 
regions. In the case where the input voltage Vin is a low 
voltage, the transistor Q2 operates in a nonactive region, 
and the transistor Ql operates in an active region. In the 
case where the input voltage Vin is a high voltage, the 
transistor Q2 operates in the active region, and the 



transistor Ql operates in the nonactive region. In the case 
where the input voltage Vin is at an intermediate potential 
and at an open potential (high impedance), both of the 
transistors Ql and Q2 operate in the active region or in 
the nonactive region. By carrying out an operation in 
accordance with two outputs Vol and Vo2, it is possible to 
detect three states. For example, gain switching for a 
photo-detecting amplifier is performed using the first 
control output Vol, and control for on /off of the standby 
function of a photo-detecting amplifier is performed using 
the second control output Vo2. 

Here, the input voltage Vin, which is an external 
control signal, is actually generated by a microcomputer 
or the like, and if switching is performed with the external 
control signal, accurate threshold values such as the 
accurate reference voltages El and E2 are not necessary. 
For example, when the microcomputer can produce a low 
voltage output, the output, depending on specification, is 
several hundred millivolts above GND potential; however, 
there is no problem if switching control is possible within 
that voltage range (in the state where the N-type 
transistor is not active in the present embodiment). 

As described previously, in the case of the input 
voltage Vin at an intermediate potential and at an open 
potential, the transistors Ql and Q2 in the nonactive 
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region can reduce the consumption of currents, so that it 
is preferable for the uses of portable devices in standby 
mode. However, although there may be cases where it is 
difficult that both of the transistors Ql and Q2 are in the 
nonactive region depending on the specifications of power 
source voltage Vcc and of the input voltage Vin, which is 
an external control signal, desired circuit operations can 
be realized even in such cases. 

As described above, as compared with the 
comparator requiring many transistors and a constant 
current source, one each transistor can be used for each 
of the first control output Vol and the second control 
output Vo2 to be generated. In addition to the adoption of 
the single external input terminal 12, area reduction of a 
circuit further facilitates size reduction of a chip, thus 
realizing size reduction of an integrated circuit. 

The following will describe another embodiment of 
the present invention with reference to Figures 2 and 3. 

Figure 2 is an electrical diagram of a decoder circuit 
21 according to another embodiment of the present 
invention. The decoder circuit 21 is similar to the 
foregoing decoder circuit 11, and members having the 
same functions as those of the decoder circuit 1 1 are 
given the same reference numerals and explanations 
thereof are omitted here. Note that, the decoder circuit 21 
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is provided with another N-type transistor Q3, in addition 
to the two transistors Ql and Q2. Moreover, to correspond 
to this arrangement, the decoder circuit 21 is also 
provided with diodes Dl-Dn (n is a given number) 
connected in series. 

The external input terminal 12 is connected to an 
anode of the diode Dl, and a cathode of the diode Dn is 
connected to a base of the transistor Q3. An emitter of the 
transistor Q3 and an emitter of the transistor Q2, both of 
which are N-type transistors, are connected to the power 
source line of low level GND, and a collector of the 
transistor Q3 is an output terminal of a third control 
output Vo3. 

Further, Figure 3 is an electrical diagram of a 
decoder circuit 31 according to still another embodiment 
of the present invention. The decoder circuit 31 is 
provided with another P-type transistor Qll, in addition 
to the two transistors Ql and Q2. To correspond to this 
arrangement, the external input terminal 12 is connected 
to a cathode of a diode Dn, and an anode of the diode Dl 
is connected to a base of the transistor Qll. An emitter of 
the transistor Qll and an emitter of the transistor Ql, 
both of which are P-type transistors, are connected to the 
power source line of high level Vcc, and a collector of the 
transistor Qll is an output terminal of the third control 
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output Vo3. 

In the case where a plurality of the transistor Q3 or 
Qll is provided, their bases are respectively connected to 
contacts of the diodes Dl-Dn. In this manner, output 
terminals for three or more control outputs can be 
generated. Logic for operations of the transistors Q3 and 
Qll can be arbitrarily set in accordance with a DC source 
voltage Vcc, the input voltage Vin supplied to the external 
input terminal 12, and the number of diodes Dl-Dn. 

The following will describe yet another embodiment 
of the present invention with reference to Figures 4 and 5. 

Figure 4 is an electrical diagram of a decoder circuit 
41 according to yet another embodiment of the present 
invention. The decoder circuit 41 is similar to the 
foregoing decoder circuit 11, and members having the 
same functions as those of the decoder circuit 11 are 
given the same reference numerals and explanations 
thereof are omitted here. Note that, the decoder circuit 41 
is provided with, in addition to the two transistors Ql and 
Q2, a first voltage dividing circuit 42 consisting of four 
voltage-dividing resistors R1-R4, a second voltage-dividing 
circuit 43 consisting of two voltage-dividing resisters R5 
and R6, three N-type transistors Q3-Q5, and bias resistors 
R11-R15 of the transistors Q1-Q5. 

The four voltage-dividing resistors R1-R4 are 
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connected in series between the power source lines. The 
external input terminal 12 is connected to a first contact 
of the voltage-dividing resistors R2 and R3, which is a 
midpoint of the four voltage-dividing resistors R1-R4. The 
base of the transistor Ql is connected via the bias resistor 
Rll to a second contact of the voltage-dividing resistors 
Rl and R2, having a voltage level higher than that of the 
first contact. The base of the transistor Q2 is connected 
via the bias resistor R12 to a third contact of the 
voltage-dividing resistors R3 and R4, having a voltage 
level lower than that of the fist contact. 

Therefore, as described previously, the two 
transistors Ql and Q2 generally perform opposite 
operations. The current taken in the transistor Ql is 
supplied to the second voltage-dividing circuit 43. In the 
second voltage-dividing circuit 43, the current is limited 
to reduce a consumed current in the transistor Ql, and is 
converted into voltage, and the converted voltage is 
divided. 

A base of the transistor Q3 is connected via the bias 
resistor R13 to the third contact of the voltage-dividing 
resistors R3 and R4. Bases of the transistors Q4 and Q5 
are connected via the bias resistors R14 and R15 to a 
contact of the voltage-dividing resistors R5 and R6 in the 
second voltage-dividing circuit 43. Emitters of the 
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transistors Q2-Q5 are connected to the power source line 
of low level GND. 

The collectors of the transistors Q2 and Q4 are the 
output terminal of a standby signal STBY. A collector of 
the transistor Q3 behaves as an output terminal of a first 
gain switching signal CTL1. A collector of the transistor 
Q5 is an output terminal of a second gain switching signal 
CTL2. For example, the voltage-dividing resistors R1-R6 
each has a resistance of 40kQ, and the bias resistors 
R11-R15 each has a resistance of lOkQ. 

A photo-detecting amplifier circuit 44 includes an 
amplifier 45, a photodiode 46, two P-type transistors Q21 
and Q22, and two feedback resistors R2 1 and R22. The 
photodiode 46 is connected to a negative input terminal of 
the amplifier 45, and reference voltage Vref is supplied to 
a positive input terminal of the amplifier 45. The amplifier 
45 performs current-voltage conversion of photocurrent 
produced by the photodiode 46, amplifies the converted 
voltage in accordance with the reference voltage Vref, and 
outputs a detected signal SIG to a signal processing 
circuit and other (not shown). With this arrangement, 
information stored in an optical disk is read out, and 
tracking servo and focusing servo are performed. 

Further, the detected signal SIG is subjected to 
negative-feedback via a first feedback circuit consisting of 
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the transistor Q21 and the feedback resistor R2 1 , or a 
second feedback circuit consisting of the transistor Q22 
and the feedback resistor R22. The transistor Q21 turns 
on or off in accordance with the first gain switching signal 
CTL1. The transistor Q22 turns on or off in accordance 
with the second gain switching signal CTL2. A resistance 
of the feedback resistor R21 is lower than that of the 
feedback resistor R22. Therefore, when the transistor Q21 
turns on (the first gain switching signal CTL1 goes active 
LOW), the photo-detecting amplifier circuit 44 has a high 
gain. When the transistor Q22 turns on, the 
photo-detecting amplifier circuit 44 has a low gain. 

When the standby signal STBY goes active LOW, the 
amplifier 45 operates in the active region, and when the 
standby signal STBY goes nonactive OPEN, the amplifier 
45 operates in the nonactive region. 

In the decoder circuit 41 and the photo-detecting 
amplifier circuit 44 each having such an arrangement as 
described above, when the input voltage Vin, which is the 
external control signal, is at a high potential, the 
transistor Q2 operates in the active region, and the 
standby signal STBY goes active LOW, which activates a 
bias circuit of the photo-detecting amplifier circuit 44. 
Also, the transistor Q3 operates in the active region, and 
the first gain switching signal CTL1 goes active LOW, 
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which turns the transistor Q21 on, and the 
photo-detecting amplifier circuit 44 has the high gain 
corresponding to reading operation or other operation. 
However, the transistor Ql operates in the nonactive 
region, and the transistors Q4 and Q5 pulled down by the 
voltage-dividing resistor R6 therefore operate in the 
nonactive region. 

On the other hand, when the input voltage Vin is at 
a low potential, the transistor Ql operates in the active 
region, and the transistor Q4 also operates in the active 
region because the transistor Ql activates the transistor 
Q4. Then, the standby signal STBY goes active LOW, 
which activates the bias circuit of the photo-detecting 
amplifier circuit 44. Also, the transistor Q5 operates in 
the active region, and the second gain switching signal 
CTL2 goes active LOW, which turns the transistor Q22 on, 
and the photo-detecting amplifier circuit 44 has the low 
gain corresponding to writing operation or other operation. 
However, the transistors Q2 and Q3 operate in the 
nonactive region. 

When the input voltage Vin is at an intermediate 
potential, all of the transistors Q1-Q5 operate in the 
nonactive region. The standby signal STBY goes nonactive 
OPEN, which does not activate a bias circuit. The gain 
switching signals CTL1 and CTL2 also go nonactive OPEN, 
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and gain switching is not performed. Thus, the 
photo-detecting amplifier circuit 44 enters the standby 
mode. 

Figure 5 shows a result of simulation on changes of 
source current Ice with respect to the input voltage Vin in 
the photo-detecting amplifier circuit 44. As seen from 
Figure 5, when the input voltage Vin is at a low potential, 
the photo-detecting amplifier circuit 44 operates in the 
active region (in a low gain state). When the input voltage 
Vin is at an intermediate potential, the photo-detecting 
amplifier circuit 44 enters the standby mode because the 
source current Ice is reduced. When the input voltage Vin 
is at a high potential, the photo-detecting amplifier circuit 
44 operates in the active region (in a high gain state). 

In such a manner, the input voltage Vin supplied to 
the single external input terminal 12 is switched among 
high potential, low potential, and intermediate potential, 
whereby switching of the feedback resistors R21 and R22 
in the amplifier 45 is performed in accordance with 
control outputs from the output terminals of the 
transistors Q2-Q5. This enables switching between the 
high gain and the low gain, and switching to the standby 
mode in the circuit. Thus, switching among three or more 
operating states can be performed in accordance with the 
input voltage Vin supplied to the single external input 
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terminal 12. 

The gain switching may be performed from high gain, 
intermediate gain, and low gain. Further, the input 
voltage Vin may be switched among from the high 
potential, the low potential, and open potential (high 
impedance). Increase in the number of transistors 
increases the number of output terminals. Logic for 
operations of the transistors can be set in accordance with 
a DC source voltage Vcc, the input voltage Vin supplied to 
the external input terminal 12, a resistance division ratio 
of the first and second voltage-dividing circuits 42 and 43, 
and the values of the bias resistors Rl 1-R15. 

Here, the following will describe an optical pickup 
according to one embodiment of the present invention with 
reference to Figure 6. 

An optical pickup 50 includes: a servo section 51, an 
optical element 52, and a light-emitting section 53, in 
addition to the decoder circuit 41 and the photo-detecting 
amplifier circuit 44. The optical pickup 50 outputs a 
detected signal obtained in accordance with input voltage 
to the signal processing section 60. The signal processing 
section 60 performs reproduction and output in 
accordance with the detected signal. 

The servo section 51 performs servo process for 
adjusting the position of the optical element 52, for 
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example, in accordance with the detected signal supplied 
to the servo section 51. The optical element 52 is a lens, 
for example. The light-emitting section 53 is one to emit 
light onto an optical disk. 

When the input voltage is supplied to the decoder 
circuit 41 in the optical pickup 50, three or more control 
outputs are supplied to the photo-detecting amplifier 
circuit 44, as described previously. The photo-detecting 
amplifier circuit 44 outputs a signal detected by the 
photodiode 46 as the detected signal, in accordance with 
control output, to the servo section 51 and the signal 
processing section 60. 

Note that, the transistor in the description of the 
foregoing embodiment ' may be a MOS transistor, or a 
bipolar transistor. 

As described above, a decoder circuit of the present 
invention, which is mounted on an integrated circuit, 
decoding an input voltage supplied to a single external 
input terminal into three or more control outputs, 
includes: a P-type transistor in which an emitter (source) 
is connected to a power source line of high level, a base 
(gate) is connected to the external input terminal, and a 
collector (drain) is an output terminal of a first control 
output; and an N-type transistor in which an emitter 
(source) is connected to a power source line of low level, a 
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base (gate) is connected to the external input terminal, 
and a collector (drain) is an output terminal of a second 
control output. 

According to the above arrangement, the three or 
more control outputs are realized using two control 
outputs each from the respective collectors (drains) of the 
P-type and N-type transistors. 

Therefore, as compared to the case of using a 
comparator requiring many transistors, a constant current 
source, and other elements, one each transistor is 
required for each of the first and second control outputs 
to be generated. This further facilitates size reduction of a 
chip. 

Further, the foregoing decoder circuit may be 
arranged so as to further include: one or more voltage 
decreasing means of which one end is connected to the 
external input terminal; and one or more first additional 
transistor in which a base (gate) is connected to the other 
end of the voltage decreasing means or to one of contacts 
of the voltage decreasing means, and an emitter (source) 
is connected to a power source line of high level or low 
level, and a collector (drain) is an output terminal of a 
control output. 

According to the above arrangement, to the external 
input terminal, one or more voltage decreasing means 
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such as diode is connected in series. To the other end of 
the voltage decreasing means, a base (gate) of a first 
additional transistor is connected. In the case where a 
plurality of first additional transistors is provided, the 
base (gate) of the first additional transistor is connected 
to one of contacts of the voltage decreasing means. The 
emitter (source) of the first additional transistor is 
connected to a power source line of high level or low level, 
as with the P-type or N-type transistor. 

Therefore, the output terminals for three or more 
control outputs can be formed with the collector (drain) of 
the N-type transistor, the collector (drain) of the P-type 
transistor, and the collector (drain) of the one or more 
first additional transistor. Logic for operations of the first 
additional transistor can be set in accordance with the DC 
source voltage, the input voltage supplied to the external 
input terminal, and the number of voltage decreasing 
means. 

Accordingly, the input voltage supplied to the single 
external input terminal is switched among high potential, 
low potential, and intermediate potential, or among high 
potential, low potential, and open potential (high 
impedance), for example, whereby switching of the 
feedback resistors in the amplifier is performed in 
accordance with control outputs from the output 
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terminals of the transistors. This enables switching among 
high gain, intermediate gain, and low gain. Also, in 
addition to the switching between the high gain and the 
low gain, switching to the standby mode in the circuit is 
possible. Thus, switching among three or more operating 
states can be performed in accordance with the input 
voltage supplied to the single external input terminal. 

Still further, the foregoing decoder circuit may be 
arranged so as to further include: a first voltage-dividing 
circuit, standing between the external input terminal and 
the base (gate) of the P-type transistor, in which four or 
more voltage-dividing resistors are connected in series 
between the power source lines, the external input 
terminal is connected to a first contact of the 
voltage-dividing resistors, the base (gate) of the P-type 
transistor is connected via a bias resistor to a second 
contact of the voltage-dividing resistors, and the base 
(gate) of the N-type transistor is connected via a bias 
resistor to a third contact of the voltage-dividing resistors, 
the second contact having a voltage level higher than that 
of the first contact, the third contact having a voltage 
level lower than the first contact; one or more first 
additional transistor in which a base (gate) is connected 
via a bias resistor to a contact having a voltage level lower 
than the first contact; a second voltage-dividing circuit to 
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which current taken in the P-type transistor is supplied; 
and one or more second additional transistor in which a 
base (gate) is connected via a bias resistor to a contact of 
voltage-dividing resistors of the second voltage-dividing 
circuit. 

According to the above arrangement, the output 
terminals for three control outputs can be formed with the 
respective collectors (drains) of the first N-type transistor 
whose base (gate) is connected via the bias resistor to the 
second contact, the first additional transistor, and the 
second additional transistor (when one transistor is 
provided each for the first additional transistor and the 
second additional transistor). If the number of the first 
additional and second additional transistors is increased, 
the number of output terminals can be further increased. 
Logic for operations of the transistors can be set in 
accordance with the DC source voltage, the input voltage 
supplied to the external input terminal, a resistance 
division ratio of the first and second voltage-dividing 
circuits, and the values of the bias resistors. 

Accordingly, the input voltage supplied to the single 
external input terminal is switched among high potential, 
low potential, and intermediate potential, or among high 
potential, low potential, and open potential (high 
impedance), for example, whereby switching of the 
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feedback resistors in the amplifier is performed in 
accordance with control outputs from the output 
terminals of the transistors. This enables switching among 
high gain, intermediate gain, and low gain. Also, in 
addition to the switching between the high gain and the 
low gain, switching to the standby mode in the circuit is 
possible. Thus, switching among three or more operating 
states can be performed in accordance with the input 
voltage supplied to the single external input terminal. 

Further, a photo-detecting amplifier circuit of the 
present invention for a disk recording/reproducing 
apparatus is arranged so as to be capable of switch 
function by means of the foregoing decoder circuit. 

According to the above arrangement, it is possible to 
reduce the size of a chip and to realize a photo-detecting 
amplifier circuit being capable of switch function for 
switching to the standby mode. 

Still further, an optical pickup of the present 
invention is arranged so as to include the foregoing 
photo-detecting amplifier circuit. 

According to the above arrangement, it is possible to 
reduce the size of a chip and to realize an optical pickup 
including a photo-detecting amplifier circuit being capable 
of switch function for switching to the standby mode. 

Further, a decoder circuit according to the present 
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invention can be also expressed as follows. That is, a 
decoder circuit according to the present invention 
includes two switching elements different in On/Off 
characteristics. As to each of the switching elements, a 
proper voltage is supplied to one end of the switching 
element, and the other end is an output terminal. On/ Off 
of this switching element is switched by an input voltage 
supplied from the outside of the decoder circuit. Being 
turned on, each of the switching elements outputs a 
voltage supplied thereto from the output terminal. Here, 
since the switching elements are different in On/Off 
characteristics, three or more states, as voltage levels 
obtained from the output terminals, can be obtained by 
properly setting the value of a supplied voltage. With this 
arrangement, a decoder circuit can be realized by two 
switching elements, and it is possible to reduce the size of 
a chip, as compared to the conventional arrangement. 

The Embodiments and concrete examples of 
implementation discussed in the foregoing detailed 
explanation serve solely to illustrate the technical details 
of the present invention, which should not be narrowly 
interpreted within the limits of such Embodiments and 
concrete examples, but rather may be applied in many 
variations within the spirit of the present invention, 
provided such variations do not exceed the scope of the 



patent claims set forth below. 



